12 United States Patent

Gabriel et al.

US010900591B2

US 10,900,591 B2
Jan. 26, 2021

(10) Patent No.:
45) Date of Patent:

(54)

(71)

(72)

(73)

(%)

(21)
(22)

(65)

(1)

(52)

(58)

HIGH PRESSURE ANTI-CAVITATION CAGE

Applicant: FISHER CONTROLS
INTERNATIONAL LLC,
Marshalltown, 1A (US)

Thomas N. Gabriel, Marshalltown, IA
(US); Raymond W. Micheel,
Marshalltown, 1A (US)

Inventors:

FISHER CONTROLS
INTERNATIONAL LLC,
Marshalltown, 1A (US)

Assignee:

Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by 119 days.

Appl. No.: 15/721,526

Filed: Sep. 29, 2017

Prior Publication Data

US 2019/0101228 Al Apr. 4, 2019

Int. CI.

Fil6K 47/08 (2006.01)

b33Y 80/00 (2015.01)

F16K 3/34 (2006.01)

F16K 3/24 (2006.01)

U.S. CL

CPC ............. F16K 47/08 (2013.01); B33Y 80/00

(2014.12); F16K 3/24 (2013.01); F16K 3/34
(2013.01); YI0T 137/86718 (2015.04); Y10T
137/86734 (2015.04); YIOT 137/86791
(2015.04)

Field of Classification Search
CPC .... F16K 47/08; F16K 3/24: Y10T 137/86791;
Y10T 137/86718; Y10T 137/86734

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS
3,722,854 A * 3/1973 Parola ..................... F16K 47/08
137/625.28
3,908,698 A * 9/1975 Baumann .................. F16K 1/54
137/625.3
(Continued)
FOREIGN PATENT DOCUMENTS
EP 3009723 Al 4/2016
WO WO-2017018173 Al 2/2017

OTHER PUBLICATIONS

International Search Report for PCT/US2018/050586 dated Dec.
13, 2018, 5 pgs.

(Continued)

Primary Examiner — Matthew W Jellett
Assistant Examiner — Christopher D Ballman

(74) Attorney, Agent, or Firm — Marshall, Gerstein &
Borun LLP

(57) ABSTRACT

A control valve has a cage disposed within a valve body
adjacent a valve seat and proximate a valve plug to provide

guidance for the valve plug. The cage includes a solid,
unitary circumierential wall with ilet passages adjacent one
of an 1nner surface or an outer surface and outlet passages
adjacent the other of the inner and outer surface. An annular
cavity 1s spaced apart from the mnner and outer surfaces and
1s connected to the mlet passages. Intermediate passages are
connected to the annular cavity and recovery plenums
interconnect the intermediate passages and the outlet pas-
sages. The recovery plenums have cross-sectional areas that
are larger than a cross-sectional areas of the intermediate and
outlet passages.

13 Claims, 6 Drawing Sheets

—

rahlabR LT L L T T

1293 (00000000000 M
2 5000000000 0=

2308
.-—--2408
.- 2808
.---- 2508

NS $2 000000 0C000 OIS
: 200000000000 FE=
YN 00000000000 10 IS

9410000000000 S e
2397 (0000000000070 IS
~~~~~ s rrm@w@@@@@wm%’ -

iy



US 10,900,591 B2

Page 2
(56) References Cited 7,448,409 B2* 11/2008 Micheel ................. F16K 3/246
137/625.37
U.S. PATENT DOCUMENTS 8,033,300 B2  10/2011 McCarty
8,950,431 B2*  2/2015 Kim .cocoevvcvvvreevennn.. F16K 47/08
3917221 A * 11/1975 Kubota ......cceun..... F16K 47/08 137/625.33
137/625.37 9,528,632 B2* 12/2016 Glaun ........coco..... F16K 47/04
3,954,124 A *  5/1976 Self ... F16K 3/34 0,587,764 B2  3/2017 Juhnke et al.
138/42 9,677,687 B2* 62017 Yli-Koski ......... F161. 55/02718
PRt AT SR A {;éﬂle et al. CLeK 334 2007/0028977 Al*  2/2007 Goulet .................... F15C 1/16
DOTITL AT LTI NG e 137/809
4260903 A % £/1989 Goode Fllg’lz/j%/%g 2009/0026395 Al*  1/2009 Perrault .................. F16K 47/08
OFTTTS R OTRTeT MEEER e 251/127
251/127
4,921,014 A * 5/1990 Tartaglia .......o......... F16K 47/08 2016/0341335 Al 112016 Adams et al.
(37/404 2017/0138507 Al*  5/2017 KIUZ ccocorveveerernn.. F16K 47/08
5,018,703 A * 5/1991 Goode ..ococevevne.... F16K 47/08
| 137/625.3 OTHER PUBLICATIONS
5,020,571 A * 6/1991 Tartaglia ....cco......... F16K 47/08
104134 BIE 55000 K o022 Written Opinion for PCT/US2018/050586 dated Dec. 13, 2018, 12
: : WOIL ivivinininriinnnins
137/6253  P3> . .
6,807,985 B2* 10/2004 Stares ........o........ F16K 47/08 Cavitrol IIT Trims PI‘OdllC’[. Bulletin dated Mar. 2012, 12 pgs.
/ HP Control Valve Instructional Manual dated Jul. 2017, 36 pgs.
137/625.33
6,926,032 B2* 82005 Nawaz .......cccocov..... F16K 47/04
137/625.33 * cited by examiner



U.S. Patent Jan. 26, 2021 Sheet 1 of 6 US 10,900,591 B2

12

| 16
14

"




U.S. Patent Jan. 26, 2021 Sheet 2 of 6 US 10,900,591 B2

10N 108

: 160A
~150A
00 Qa0 00 000

= ’ ———et
i --~M 000 QO 000000 A 122
o0
1608

. ] . .
. .... - . . - e ‘.' .
[ 1 . - ' | [ E] +
T — : . g - : : = N
' h 1 o 1' i '-';l"#' e e ' e s
. ol o R
. = 5 '
" . :. i_ - 4,
[ % ] y F F_ W Iy W N Jm 'J F mer ik LW ] [ ¥ ] mha 1
= = L +
_—— .

3 O O O 0 O G e

. '
B : X ‘ , G
- -y, oy -

}nw 50 O O 0O 0 00 m-'.

o . - “"*“:‘:““’“‘“‘“-:““ {} 0 Q Q {:} g:} {:} Q Q G Q Gﬁ‘":-i*_*-***_*;::*::*__:i;::‘ ‘I | "'"’“;z
::}a}e} ¢ O ¢ O ¢ O o0 |
G 0 0 O O 0 O 0000

ol alle alie alle e e o olie sl alle alle ol ol ol ol il sl sl il ol ol ol i




U.S. Patent Jan. 26, 2021 Sheet 3 of 6 US 10,900,591 B2

FIG. 3



wh s

B g R

B R A B R e i

- wmr W o W r W T W T W o w P
'
r
T rwTrTaETETETE N T N T -

T ol i i Ay R R R i o i ol ol o ol kR
wruvwrdildmdl e v s mhmdm i mh .

e R e R Il LR

<L
-
Ys,
S

Wk N AN YWY AW A P A e YR W Aot S e N A

-a asa sasE ssasasESsraaAisrassasa-aSSES-=r.ar.ara.-aa-=a

ks .-

AWM hAhdArrhhrrbbrdadrd MM A rhddrrhdrrh A

P T PR AP P L p AF g Rl AN U ) o P PR N [ L S ol g B L ol AR U I U Ll AR oE o S m oy .
R R I EEE RE BE BRI R R PR R L b I U I R R T O e e L I T R -
B W W W W W N W N W N W N W W W W W W W W W N Er - Br N Er N T NN NS WOW W NN W NWEWEOWwENSEw

e rrAd A A YAyt b ATREArY At b frAr A AN Y A AT AR A o,
.'.
Y -~

- A AN RS EEEEEEELE A S R SN AL S SN A A NSNS S SN AN e - -
At HY Yy - Yy cr H AP H Y Y Y PP ST A TSI YA Y AR R H Y YRR TSN AT Y N R . & ko i)

L R N R R A RSN EEEREE RS RN ELE NN EE R L L

ol ok o el ok . el PP S

Yrhiwddarrtifrr b A A rr A ey rwr ek o b e vk rhrvir v e W e

o m N EE FETESETFTFETEEr T

AR A RLSFALLSAS AR ALRSaRAnNaAanasasasnanang’ mEsraAEni@EnLaLaRa -

oy el A A A AT AN YT P AR YA A YR REA A A WA AT AT A A AN YA AA N Aoadr e

-l

M A e o e L A R P R e e A e W O E R R R R e e L L T

A YA Y P Srrh Sy YRRl A A A WA rmrddgdn i rrdirdrrrfrhrddraasik-d kM

US 10,900,591 B2

A ErE W N E L E N E R R E L E R E T ST M A - o arow s W S s oarw arow o om W)
4

P e oy bk iy by Sp g gy e b S A sy e iy e sy e ey e gy B A b e oy e gy e sy A He oy By o e M sy v e gy R iy ol b L ) L ey By g ey e gy g

aAm rsas sassssaASaSAAEAETE-A-E-EE-EAE AN AEm-. aASamrsas ssaSaAaESaASaASraSAS-SSEES-=S-=-a-m-a.

1 P Pk b,

S A N L AT AW NN W w L I T B N N R LI R R B I

A Ly E B EAEEEEEEE SRR AL AN EE EE EE S EE ... .-.-_
[}

M L L L L L L N L L L N L L S ML S N N L L L N N

?l#*?11*11111*11*?1?}?1?14*11*?111&& kT L e ey
P o L A g T - e e
s
R Y L ol N N L A e pr Tt T R A A o = S H AR AL A /R pE A S MR i B R oH AR AL AR A Y AL o AL R S AL s A
PF R R . I R g Y R I R T R e M LM A N Er M Er LN Sr PR AE M AN S LM L SF R L BT S o L L S BT L L o L JT em .
A b -
- o A - .r
= MR e pe de rh e g b M v v ph v v v e A e e bk M W AN A M W e sk ] P deode A i LM e e B AR v WM M ek AL MR W e W AN A A A )
. by

- o Sm m M - M - U M W Ar W aE SN U M Er M S-S Sroam ar W am o am am am ar 1.—. L AT RN N N N EE L r L AT S M r W L EEr W M e m A A aroam e o am o ar ol

1 h -

L R R R R Rl Ll i a L R N N N N N N NN LR N )

- "
o+ 1 e U R R L P R Y mrrmtrATAN - MchrArrrrb M or b f ok st A T A o e
i
L T = = W R W R W W W™ W MWW W W W W W RN W N W T w m W
[ of i
T T - L T T I R TR pET R T R T e L T I O G e [ e g Y
Trw s wE T s T b :

al -
Fre t t "
R gy - M o m e m m w am m am o m mom R

U ol o o R o g o ol g g A R A A r

oy M AR A R gy Ay M Y AR A N NN 'l

bl I B B ol
T ErErTFrFTrTETETE T T T T

[ R e g N T R R R e g e - S N N - N F N N Er S S A N A N~ _Er N NF Er Sr . ar ar ar ar arar e =
W R A R W LR R L R L R L RS g Ly

PR -

Mo A A H YA AN YAk rh Y A A e A A

1
mAAdsasnmAnnanAdmaoandeasndasamAmaoamAdsnmdas radAcard e s Arnmerd Arararcdnrd st aradm
L7 LF T L R Y A G T L LS LAY LT Y LR LT R R LA S L YT Y RS R T v

A N L N N NN N SE AraE BN N SN S A Emamar.m aram o -m
rFrwirrrw i rrrrsrrsrryrirrdsrrwrirvsrrsrrrrrsrrirr e owirw rowdbow

r =
A A A A AR YR H YA AN
B et i i el i e il e e . .
A E T W mOE EmOE ET EEET ET NS EEEEEEEETET N Al
B m ok o m oA N W A N WA kW AN AN S E A RSN AN '

B~ r e P A e e AR e N S Y M A TE o P P T P o P T v R e o o i o o i T o e e
r E W W W W W W W W R W N W N W R W W W W W W W W N W N W N W N W WO W W w o 3

raesbrir skl

P ale ke 2 B by b
L W L N L N L L L N L W N N L L W N L S L S N L N R L NN L L W
T A R R Ak o ko gl S R R R ok R ol R ol g i g ol gl Rl ol o ol ol i R oyl R i gR ol R R R
MMM H M AH et AH MR Y H M H e M A Wk YA e A Meb N A MM R A A A M A A MY A
‘ wdrhwmodr ke m - fwedr kb modrd - rdh o wdwdk kR m t rdwmd e mar ok mtrodokda .

A N A T N T B AT N A N A N A N A A W T W A W A W Ar W A M ar ar WA W T B T N T A R T T N T W U W A N AT B M M r AC W M AT AT W W oar WA W
o b a ke e B R e e b M b e B M e M A dE ke BE T e e TR R e ke ke B W e ek b M Sk W AT B T D A R 0 A e

e e o e R e

L AR L Ly L L R Ry S L L ey AN, By S Ly Ay Sy i Ay A g ddy
- T T /
ArnnftnhrAinnddArdd A b drndinanl e A e oy mAmrhbhAinrdddArdrddrdtamr il rh etk
LN AW WE AL m W M W M W LN H L B LN he LN W BRI L Lf P LN ¢ M W RN A L B LN W LN Gr R B W B N M oA ey ke oap e omuy ap p JEwop
R N L L L L L I I PRy pr g g g g )
FrerrrrrYrrdrrrrYrrsTrrrrrrdr b hrrsrbrrr bt Y rrr Y rrrrrwd r Y w Y wr r o e ]

EE R R R R N L L I I R R R R R R R ]

ke s

o Lt e e e wA ol L e o il e e A ad o el U i i i gt e A U e L il e e o e e U e ot e ol o . :

R A R Y T A R N I I
O N EE W T W T W T W T W W N W N W N W AN T TE T NN NN W T NN NN OTE NN RN TN TN TTETETETTEE ]
L ¥ A PR AP H M AR AR RN A AN T AN H S E A AN A”“”UV L e T Il T o e R T e T

L R O B B R R R I L I R R T B - r r - b r-x A xSy -y sy ryx Xy E s T e

lp & = m A s s sussEAESLASE EAEESE AL E SR T R T A R g R pF A RFTIF N RN JF NE RE R T R R RET RN R e e |

meairkdi A rnrd Pt AW rAdr A rmadr ke ook o wrd iy A i A e WA ornwsd bt A A mchren st rnoun

- Tl [T g L T TR T T T T P PRT T I T TR T i T TN T P FIE T Ty P [T R T PR P TR T R Y T N TR CRTETIETRFIT I PPN P A PR P gy, i

&

Sheet 4 of 6

L.-.- Ll N o o L L o Lol b o Lol ol o b o ™ b Lol b L L o L '
] ' SR Tl e N e R T I N R N W W R A AL AR R A M AL G R R A B AR R AL R A M AL o p
o g D g e ol g g gk g e g e gl g e g o kg kg g e e e g e g g gk g g e g g g e g R g g g et gt e o
nerafrarnd e s srsanrard ssE AT SEsEsarAEn - nersarndesrsshnrardrasaraliErEma EETaTaT
e e B R R R R R R B R L R R R R e R N T S R
T A L B L A L S EE A EC A AT i A I N i i e I I e e Y
T E EE TE TE TET T T T T TSR T TETETET TTETT R TE N T W e wrwrwdwrrsrerfr s r s r s r s i s rTs r T s T T T T T w e ™
e R e R B I e e R R R g N Ee o R T T AT R o P T R D e R R e o e A e ol e e e
T - r -
T W RN W T W T W T W T W E W W N EENE N ETE OTEES EEFWETWwEw™T W T W T W E W T W E T W T W W E E W E W T W E W EWOWw S EEEwTw™ T
snAamnahhtnAdAnmnAdArdanhbhdanAdmAdd rmarumedodd M ardmanchafaAdbndmddmtdemedot A
e S m m A R N R e R R R R N R L N R N e R N N e o g em R e R R e
T E RN W E T T W EE EE EE WO W N WEN W OTW T W EW EOw E W w N W™ T EE E W E ER T T ErFETEETE T EE TN T W N TR ™ W
Arud P raHarbrhorh -+, . xtr.
s r Ly = W i i e
R A AT R A W R A A UL R A S N L W W D I I T T - .
e b il e s b ekl e e ol e i By e b el e e b el b e ke b e e e B ek e i b e e i e i bkt e el ke Pl ol e et b i bl e s R’ e e e e e b ke e e - -
- T o e R R o T I I R . o LN G L AL N L R L AN L E g E L M g m e -
T O W OE W' OE W W S W O W OE W OE W OE T OE W W OFOW R W E W E W OE W m W W T OW W W W OH W W N W OWT W N W OE W OE T W W W OO OSOW O OWTOE W E W W W m W ' - .
LA R R R R o R R aal  R oh o L .7 AR R R e R o R

AF N OH L LY L VR LN AP L B OLE AP L R LY RO R Y RCCH L W N W L W L W Lr b R WOLY B W LR W LY W LR AR B WM LY B WL LE W L WL W LW H R P R R Wy -
P

Ad et ArdAacdrra A AAaSrYn Al AAAA AT AT A A AAASYArTTAAA AT A rfAA A A A A rA AT A At A A

1

W T W T W W W T W W W W N W T W N W N W W W W W W N E T WN W TwW T N W N W E W T W T W W W W N W T W N W W W T W W W W N W N W ON W T W

= rer-Lar

B et o e e e L e e e i Sl e R S e et T o R R S el B S o L g oo U B B S R B R S R B o et AL ol ] L R e L A s e T A o

2

LT TRT [TRT I TRT TR TR T TR TP TR T T T TR T T TR T T P T T Y] CRETETETRT NI TR T TR R R TR TR TR TN RN TR T TR TET TR TRTN T aT)

e A A A A A R R el oyl ol ol ik ol i PR i ol e i ol ol ol ke ol ol ol i ol i ol Pyl o ol ol oyl ol ol ol ol ol ok

. .
. mwmr fgrdhrddpd A nmym A mymk e na oy mbh oy myr A bk m ok mmmyd hd o pd
g = =2 aaoam B I T R e T )

[ T R R R R A A A N R N S A R A A R N N A N A A A I I A I e e e s

rA e d e kA rAhArrr A rifnrrbiarnr Ay A Fkn f.—.—_I-l.-.t.-!..-.1.-!..11.—_!1.11..1?.1?.1?.1?]:..—..1‘!1

Lol ol ol ol ol ol ol ol o ol ol o ol ol ol of ol o ol o ol of aoah el ol of ol ol ol ol ol ol ol o ol b ol o ol ol ol ol ol Pl ol

i ) "
AR M R R W W AR LW M CH R R AT R LY R G W R bW R R M W OW R A W M oW W R e R e
- et A - —— o ———— A . A .
Wk A o b W de o b L I S R T N ] Il I o o I o R
- rwrrswr s T s T T rTrTr - T ETETETwETFTFFTTTE TN W N W E W E W N W W NWFTETETEWTEWTEW N W W N W TW T W r
. AN o1 A LN YL LN A G 50 2 ok NS A U A WS AN g WA G e g an ah gl T U0 s i ek i A Y an ok e
-+ o . mpartar b= L) o -y Py Py
T rFTTT AT AT AR T AR T TSAFCTTTSFET ST ST ST TSCNTSC®TSC T m Tk
o R N T I R [ = P T T T Y P T PSR R SN )
W ME W Lr M L L W N W LN W Lr T LN ) LN W LN L[ W M W M - M B LN M LR W LAy
G e dr i e e de e de e = & ok oaie ok e e b e e e = e mwddor o wrdr e dmdr ki =k e drdrdrdr e i = e dr e e e de o - o kol ok e B
P R R TR IF RV MR T W R R MR R RN W R R FHT W R R RV R T R W T R A M AT W R R R R T T T T A e
—r T - - e e -—

T T T T T T -
e R R i A R R N

-
W W R g g bkl b by R b W e R b W bk Bk B R W A W i L I e

i ey ey e o e e e ey o e e e e o e e R e el ol e b bl e e e o e ol e e

Wk e iy AR RNy A YN RS R R N A EF PN YA NEARHERAEFANY YRV EE RN S AR ‘Y

TN W I T EW W N W N W EW - - N ETEWENWTS- S FESFTEWTEW™ FEF - TEFTETETET " TE S STIATETET - TEWTTE T W w gl

e,

166
FIG. 4

wwwlrwrwd Y s wrwwrrwrwdYworw oo wor w o ow W w rrrrrrrrrrsasdrrrrrsrrrrsrrsrwsrrd e o orw v

oy oy & oy 2
PR o o N gl R R R R R R gl ol g R gl gl gl gl gl gl i gl g gl G g R gl o g o Tl ol Gl ol Gl ol gl ol ol ol ol gl ol oyl o gl gl gl ol o i o A L

A RN YA YA Y YR TR A Y Y e R 6 Yo newrhYy+Y A rYrrerryrrY A YY" Y Yk r

L - L L] r
]

L R Rk i e i A I R A A AR Rt Rt Rt AR AR Rk A R A R

Jan. 26, 2021

www ke rwrwrw e o =SS s ra s s aSaE S aEEawn - mEEEErEs rE SES rEaE EEEEEE S rE s s ammm.mu

b h

MMM mnmu e AT kAR P A A A e A e A Hudr bbb r Lk rhrinh A bbb o bbb m b Y
[ —— e wr e owr NP N UL BN Ar N A AN AN BN N JE N T AN A N AT AN A AN A B AN ..l-l-.l-.l.-.l-l-..I-l-l--------l---l-l-....
- - W BTN E E L E A EE E A E M E U m . Ll A R R i I I I B R R R e -
= lsbriarlrhorh b rha rrlrbuerh) o whorrlrhrh b orhrbst ol An s b rhedncde o rh e derhecheste o rluracsde ok ook ol
- A N T N A A B A BT W G A T AN A A A AT T AN G A A E - AT AN EC B BN O AN A AN A T S T EE B LS N BN A ST A T E A AR AW O G 1
44 a4 WY R U HE N YUY Y YA F U H Y P EE Yy Ly LRI R R I R L B R TR L B B R Y

\
-
N L T L I O N e Y L et '
HoAre W H A AR H YN AR AR HE N W A A ) L I L L T R ] 3
. - d
L M BB O N E R N N E o o E L gE L E T g gm . S o R T G E L E o E e m mm g = ol
|.. o . . -
T R T L T R I ] F PR, * Ardr A At rh b de e Ao L cho o
m g W B M E A T M S Er B W S R S r o ar W B MmO am e T L o TR N T L T
- "
iy Rl A B e ale AR T R e L N o il R T e iy
B !-!.!..!-I..Il--!-!I:-:-:-!'!-!--!.!-. i FE O E R A T A AT G AT R T W A A AT JE AR TR AN .1 -.l
R | e = - ]
fhd A dArad At bt AN A+ AN E A AN AL A A AANEE A AR AG A+ A A T AN A ASA A

1

AEEE RS EEE SR AL RS RN RN AN I I SN N N N A M SN N A E L -m am

b A H A rr AR HA Nt hhrrfidrhd A H ¥t de N ehkdr th
P A O O RN R E R AT R AT F A R AR Y
R N I N A I R I I R N N N R NN e

M m ET N ET - Er aE ar R R ET ar E am PraE T ET o dr o m o e Er R as araw Er e ab oA o Er S ET SR T A

A4 m.S EESEESSFSEASSSSSS82SSSESASSSEASSESESESAS e asanmna g

Ga v rrirth -
BN N S SN S B A E EE S Sr SE Sr M A M Sr W Sr S SN B SN BN SN SN SN A SN AW Sr aE Sr BN SE M Sr W am aram
N E L O E M N R E N R N N NN SN N N N B SN N R A SR aE -

F I T e e R R R R e R o)

o wml -~ -~

B RS ORFLE H W U OE W N W M R L E W U LI L W W W M H L W LW W

manmmEFFenedenernmaneramedearamre wan g

e M ey A A o b ol e AR e Y A A

P T L ey -

rr
ram e s oamwmamaramamoam

. <.

S
%o

e

U.S. Patent

FIG. 7



U.S. Patent Jan. 26, 2021 Sheet 5 of 6 US 10,900,591 B2

208 204 ~

Sy Sy Sy e e e e e e e e e -l e e e R e R R

iy vy ey oty =iyt e e, b iy e e e e ey

i =} " R0 0000000 a [P
e A a@ 000000000 0N
=79 l@@ 9000000000 Ps===0>
!@ 000000000 *-’
A f@@@ 500000000 @ue=——Ns
) *+ _;}@@ o¥oYoYoYoYa @ o) @(1-. ;‘; :ﬁa““{,-;:
S9N 000000000000 (=o==u




U.S. Patent Jan. 26, 2021 Sheet 6 of 6 US 10,900,591 B2

2308 230A~ |\~ /| —260A

250A

FIG. 6



US 10,900,591 B2

1
HIGH PRESSURE ANTI-CAVITATION CAGL

FIELD OF THE DISCLOSURE

This disclosure relates generally to control valves and,
more particularly, high pressure anti-cavitation cages for
control valves.

BACKGROUND

In typical control valves, a valve cage may provide
guidance for a valve plug as the valve plug moves from a
closed position 1n which the valve plug sealingly engages a
valve seat to an open position 1 which the valve plug 1s
disposed away from the valve seat. When the valve 1s 1n the
open position, fluid tlows from a valve inlet, passes through
a port between the valve seat and the valve plug, passes
through the valve cage, and exits through a valve outlet. In
addition to guiding the valve plug, a valve cage can also be
used for additional functions, such as the reduction/elimi-
nation of cavitation in high pressure applications.

However, current multiple stage anti-cavitation cages
have to be assembled with multiple parts, which results in
complex manufacturing and assembly and increased manu-
facturing costs. For example, a typical multi-stage anti-
cavitation cage having three designed pressure drops to
ensure that fluid does not reach a pressure below the vapor
pressure causing cavitation has to be assembled from three
different components: an mner cage, a middle sleeve, and an
outer sleeve, due to the continually changing passage size
required to provide the pressure drops. Each of these com-
ponents are manufactured by drilling multiple holes through
the component. Multiple components are required due to the
limited ability to drill multiple size holes, small to large, 1n
an inside/out direction, to control pressure staging as flmd
passes through the cage. In addition, drilled hole compo-
nents are also very cumbersome, time consuming, and costly
to produce. Some drilled hole components may contain
thousands of holes and the only real feasible way to produce
passages through the components 1s was to drill them with
a /8 inch or smaller drill bit. Acceptance criteria exists that
allows a percentage of drill bits to break and be leit 1n the
component and this process requires the use of special
drilling machines that have a high degree of accuracy.

Once all three components are machined, they are
assembled, and pinned or otherwise secured together. Once
assembled, there are also additional finish machine opera-
tions required to ensure proper {it of the cage in the control
valve. Therefore, one problem with current multiple stage
anti-cavitation cages 1s the manufacturing complexity due to
the number of holes, drilling operations, assembly, and finish
machining required, which also increases manufacturing
time and cost. In addition, due to the manufacturing limi-
tations 1n drilling the holes, currently multiple stage anti-
cavitation cages can only be made for “flow down” (e.g., the
fluid enters the outside surface of the cage and passes from
the outside surface to the center of the cage) valve applica-
tions.

BRIEF SUMMARY OF TH.

L1l

DISCLOSURE

In accordance with one exemplary aspect of the present
invention, a control valve comprises a valve body having an
inlet and an outlet, a valve seat positioned 1n a passageway
of the valve body between the inlet and the outlet, a valve
plug positioned within the valve body, and a cage disposed
within the valve body adjacent the valve seat and proximate
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the valve plug to provide guidance for the valve plug. The
valve plug 1s movable between a closed position, in which
the valve plug sealingly engages the valve seat, and an open
position, in which the valve plug 1s spaced away from the
valve seat. The cage comprises a solid, unitary circumier-
ential wall having an inner surface and an outer surface, a
plurality of inlet passages adjacent one of the inner or outer
surfaces and a plurality of outlet passages adjacent the other
of the mner or outer surface. An annular cavity 1s spaced
apart from the inner surface and the outer surface and 1is
connected to the plurality of inlet passages. A plurality of
intermediate passages are connected to the annular cavity
and a plurality of recovery plenums interconnect the inter-
mediate passages and the outlet passages. The plurality of
recovery plenums each have a cross-sectional area that 1s
larger than a cross-sectional area of the intermediate and
outlet passages.

In accordance with another exemplary aspect of the
present invention, a cage for a control valve comprises a
solid, unitary circumierential wall having an inner surface
and an outer surface, a plurality of inlet passages adjacent
one of the inner or outer surfaces and a plurality of outlet
passages adjacent the other of the inner or outer surface. An
annular cavity 1s spaced apart from the inner surface and the
outer surface and i1s connected to the plurality of inlet
passages. A plurality of intermediate passages are connected
to the annular cavity and a plurality of recovery plenums
interconnect the mtermediate passages and the outlet pas-
sages. The plurality of recovery plenums each have a
cross-sectional area that 1s larger than a cross-sectional area
of the mtermediate and outlet passages.

In further accordance with any one or more of the
foregoing exemplary aspects ol the present invention, a
control valve or cage for a control valve may further include,
in any combination, any one or more of the following
preferred forms.

In one preferred form, one end of each of the plurality of
inlet passages 1s chamfered.

In another preferred form, the inlet passages are posi-
tioned adjacent the mner surface and the outlet passages are
positioned adjacent the outer surface.

In another preferred form, the inlet passages are posi-
tioned adjacent the outer surface and the outlet passages are
positioned adjacent the inner surface.

In another preferred form, a second plurality of inlet
passages are adjacent one of the mner surface or the outer
surface and are longitudinally offset from the plurality of
inlet passages. A second annular cavity 1s spaced apart from
the inner surtface and the outer surface, 1s connected to the
second plurality of 1nlet passages, and 1s longitudinally and
radially offset from the annular cavity. A second plurality of
intermediate passages are connected to the second annular
cavity. A second plurality of outlet passages are adjacent the
other of the inner surface or the outer surface and are
longitudinally ofiset from the plurality of outlet passages. A
second plurality of recovery plenums interconnect the sec-
ond intermediate passages and the second outlet passages
and each have a cross-sectional area that i1s larger than a
cross-sectional area of the second intermediate passages and
a cross-sectional area of the second outlet passages.

In another preferred form, the annular cavity has a cross-
sectional shape having a corner at the vertex.

In another preferred form, the plurality of recovery ple-
nums each have a cross-sectional shape having a corner at
the vertex.

In accordance with another exemplary aspect of the
present invention, a control valve comprises a valve body
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having an inlet and an outlet, a valve seat positioned 1n a
passageway ol the valve body between the inlet and the
outlet, a valve plug positioned within the valve body, and a
cage disposed within the valve body adjacent the valve seat
and proximate the valve plug to provide guidance for the
valve plug. The valve plug 1s movable between a closed
position, in which the valve plug sealingly engages the valve
seat, and an open position, 1n which the valve plug 1s spaced
away from the valve seat. The cage comprises a solid,
unitary circumierential wall having an 1nner surface and an
outer surface, a plurality of inlet passages adjacent one of the
inner or outer surfaces and a plurality of outlet passages
adjacent the other of the inner or outer surface. The cage also
includes a means for providing a first pressure drop between
the plurality of inlet passages and the plurality of outlet
passages and a means for providing a second pressure drop
between the plurality of inlet passages and the plurality of
outlet passages.

In further accordance with any one or more of the
foregoing exemplary aspects of the present invention, a
control valve may further include, 1n any combination, any
one or more of the following preferred forms.

In one preferred form, the inlet passages are positioned
adjacent the 1mner surface and the outlet passages are posi-
tioned adjacent the outer surface.

In another preferred form, the inlet passages are posi-
tioned adjacent the outer surface and the outlet passages are
positioned adjacent the mnner surface.

In another preferred form, the means for providing a first
pressure drop between the plurality of inlet passages and the
plurality of outlet passages comprises an annular cavity
formed 1n the circumiferential wall. The annular cavity 1s
spaced apart from the inner surface and the outer surface and
1s connected to the plurality of inlet passages.

In another preferred form, the means for providing a
second pressure drop between the plurality of inlet passage
and the plurality of outlet passages comprises a plurality of
recovery plenums connected to one of the plurality of outlet
passages and a plurality of intermediate passages intercon-
necting the annular cavity and the plurality of recovery
plenums. The plurality of recovery plenums each have a
cross-sectional area that 1s larger than a cross-sectional area
of the intermediate passages and a cross-sectional area of the
outlet passages.

In another preferred form, the annular cavity has a cross-
sectional shape having a corner at the vertex and the
plurality of recovery plenums each have a cross-sectional
shape having a corner at the vertex.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional view of an example control
valve;

FIG. 2 1s a cross-sectional view of an example cage that
can be used with the control valve of FIG. 1;

FI1G. 3 15 a perspective cross-sectional view of the cage of

FIG. 2;
FI1G. 4 1s a partial cross-sectional view of the cage of FIG.

2 taken along line A-A of FIG. 2;
FIG. 5 1s a cross-sectional view of another example cage

that can be used with the control valve of FIG. 1;

FI1G. 6 15 a perspective cross-sectional view of the cage of
FIG. 5; and

FI1G. 7 1s a partial cross-sectional view of the cage of FIG.
5 taken along line B-B of FIG. 5.

DETAILED DESCRIPTION

The present mvention provides a multiple stage anti-
cavitation cage for a control valve that 1s a single, unitary
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component. Therefore, no assembly of multiple components
1s required, which simplifies the manufacture and decreases
manufacturing time and cost. In addition, the present inven-
tion can be designed for use 1 “flow up” or “flow down”
applications, as discussed 1n more detail below, which was
not possible with current multiple stage anti-cavitation cage
designs.

Referring to FIG. 1, a typical control valve 10 1s shown.
Control valve 10 generally includes a valve body 12 having
an 1nlet 14 and an outlet 16 and a passageway 18 disposed
between inlet 14 and outlet 16, which would be configured
for a “tlow up” application. However, inlet 14 and outlet 16
could also be reversed and control valve 10 used 1n a “tlow
down” application. A valve seat 24 1s disposed 1n passage-
way 18 between inlet 14 and outlet 16 and a cage 22 1s
disposed within valve body 12 adjacent valve seat 24. A tfluid
control member, such as valve plug 26, 1s positioned within
valve body 12 and 1s disposed within cage 22. Valve plug 26
interacts with the valve seat 24 to control fluid tlow through
the valve body 12, such that valve plug 26 1s moveable
between a closed position where valve plug 26 sealingly
engages valve seat 24 and an open position where valve plug
26 1s spaced away from valve seat 24. A stem 28 1is
connected to valve plug 26 at one end and to an actuator at
another end. The actuator controls movement of valve plug
26 within cage 22. The cage 22 1s positioned adjacent valve
seat 24 and proximate valve plug 26 to provide guidance for
valve plug 26.

Referring to FIGS. 2-4, one example of a multiple stage
anti-cavitation cage 100 having three pressure drops 1is
shown that can be used as cage 22 1n control valve 10 for
high pressure applications. As noted above, cage 100 1s a
single, unitary component that does not require assembly as
do current multiple stage anti-cavitation cage designs. As
shown, cage 100 1s designed for use mm a “tlow down”
orientation or application, where the fluid flows 1nto control
valve 10 through outlet 16, flows through cage 100 from the
outside to the center of the cage 100, and exits control valve
10 through ilet 14.

Cage 100 can be manufactured using Additive Manufac-
turing Technology, such as direct metal laser sintering, full
melt powder bed fusion, laser powder bed fusion, etc., which
allows cage 100 to be manufactured as a single, unitary
piece, which reduces the manufacturing lead time, complex-
ity, and cost. Using an Additive Manufacturing Technology
process, the 3-dimensional CAD file of cage 100 1s sliced/
divided into multiple layers 2D. For example layers approxi-
mately 20-60 microns thick. A powder bed, such as a powder
based metal, 1s then laid down representing the first layer of
the design and a laser or electron beam sinters together the
design of the first layer. A second layer of powder, repre-
senting the second layer of the design, 1s then laid down over
the first sintered layer. The second layer of powder 1s then
sintered/fused together with the first layer. This continues
layer after layer to form the completed cage 100. Using an
Additive Manufacturing Technology process to manufacture
cages for control valves allows the freedom to produce
passages having various shapes and geometries, and other
teature described below, that are not possible using current
standard casting or drilling techniques.

As shown in FIGS. 2-3, cage 100 generally includes a
solid, unitary circumiferential wall 102 forming a hollow
central bore 112, within which the valve plug 26 will slide
to control fluid tlow through cage 100. Wall 102 defines a
first end 104, an opposing second end 106, an mner surface
108, and an opposing outer surface 110. Pathways are
tformed through wall 102 between the mner surface 108 and
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outer surface 110 and include inlet passages 120A, 1208,
annular cavities 130A, 130B, intermediate passages 140A,
140B, recovery plenums 160A, 1606, and outlet passages
150A, 1506.

Inlet passages 120A, 1206 are positioned adjacent outer
surface 110, extend radially into wall 102 from outer surface
110, and preferable have an end 122 adjacent outer surface
110 that 1s chamiered with a leading edge radius. In the
example shown, inlet passages 120A, 120B are cylindrical,
but can be any shape desired for a particular application. In
addition, a first set of inlet passages 120A can be radially and
longitudinally oflset from a second set of inlet passages
120B, such that the first and second sets of inlet passages
120A, 120B each connect to separate, oiflset annular cavities
130A, 130B, as discussed in more detail below.

Annular cavities 130A, 130B are spaced apart from inner
surface 108, outer surface 110, first end 104, and second end
106 of wall 102 and are connected to inlet passages 120A,
120B and respective itermediate passages 140A, 140B. A
first set of annular cavities 130A are offset from a second set
of annular cavities 130B such that adjacent annular cavities
130A, 1306 are radially and longitudinally offset from each
other. Given the different positioning of the first set of
annular cavities 130A and the second set of annular cavities
1306, the first set of inlet passages 120A connected to the
first set of annular cavities 130A will have a longer length
than the second set of inlet passages 120B connected to the
second set of annular cavities 130B. Annular cavities 130A,
130B have larger area than inlet passages 120A, 120B and
act as a recovery plenum to provide a first pressure drop as
fluid flows between inlet passages 120A, 1206 and outlet
passages 130A, 1306.

To assist in the formation of annular cavities 130A, 130B
using Additive Manufacturing Technology, annular cavities
130A, 130B also preterably have a cross-sectional shape
that has a corner 132 at the vertex (the highest point, apex,
or top) of each annular cavity 130A, 130B. In the particular
example shown, annular cavities 130A, 130B have cross-
sectional shapes that are diamond shaped and each has two
planar surfaces 134, 136 that meet at a cormner 132 at the
vertex ol each annular cavity 130A, 1306.

Intermediate passages 140A, 140B are connected to annu-
lar cavities 130A, 1306 and are radially ofiset from corre-
sponding inlet passages 120A, 1206 that are connected to the
same annular cavity 130A, 130B. In the example shown,
intermediate passages 140A, 140B are cylindrical, but can
be any shape desired for a particular application. In addition,
a first set of intermediate passages 140A can be radially and
longitudinally offset from a second set of intermediate
passages 140B, such that the first and second sets of inter-
mediate passages 140A, 140B each connect to separate,
offset annular cavities 130A, 1306.

Outlet passages 150A, 150B are positioned adjacent inner
surface 108 and extend radially into wall 102 from inner
surface 108. In the example shown, outlet passages 150A,
150B are cylindrical, but can be any shape desired for a
particular application. In addition, like 1nlet passages 120A,
120B and intermediate passages 140A, 1408, a first set of
outlet passages 150A can be radially and longitudinally
oflset from a second set of outlet passages 150B, such that
the first and second sets of outlet passages 150A, 150B each
communicate with separate, oflset annular cavities 130A,
130B. The flow of fluid from outlet passages 150A, 1506 to
central bore 112 provide another pressure drop for the flmd
flow.

Recovery plenums 160A, 1606 interconnect respective
intermediate passages 140A, 140B and outlet passages
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150A, 1506 and have a cross-sectional area that 1s larger
than the cross-sectional area of the intermediate passages
140A, 1406 and outlet passages 150A, 1506 to which they
are connected. The diflerence 1n cross-sectional area
between intermediate passages 140A, 140B and recovery
plenums 160A, 160B provide yet another pressure drop as
fluid flows between inlet passages 120A, 1208 and outlet
passages 150A, 150B. In addition, like 1nlet passages 120A,
120B and mtermediate passages 140A, 140B, a first set of
recovery plenums 160A can be radially and longitudinally
oflset from a second set of recovery plenums 160B, such that
the first and second sets of recovery plenums 160A, 1608
cach communicate with separate, oflset annular cavities
130A, 1306 and interconnect respective intermediate pas-
sages 140A, 140B and outlet passages 150A, 150B (e.g.,
recovery plenums 160A interconnect intermediate passages
140A and outlet passages 150A, while recovery plenums
1606 interconnect intermediate passages 1406 and outlet
passages 150B).

To assist 1n the formation of recovery plenums 160A,
1608 using Additive Manufacturing Technology, recovery
plenums 160A, 160B also preferably have a cross-sectional
shape that has a corner 162 at the vertex (the highest point,
apeXx, or top) of each recovery plenum 160A, 160B. As best
seen 1 FIG. 4, in the particular example shown, recovery
plenums 160A, 160B have cross-sectional shapes that are
diamond shaped and each has two planar surfaces 164, 166
that meet at a corner 162 at the vertex of each recovery
plenum 160A, 1606.

Referring to FIGS. 5-7, another example of a multiple
stage anti-cavitation cage 200 having three pressure drops 1s
shown that can be used as cage 22 1n control valve 10 for
high pressure applications. Cage 200 1s generally the same
as cage 100, except the pathways through cage 200 are
reversed so that cage 200 1s design for use 1n a “tlow up”
orientation or application, where the fluid flows 1nto control
valve 10 through inlet 14, flows through cage 200 from the
center to the outside of the cage 200, and exits control valve
10 through outlet 16. Cage 200 1s a single, unitary compo-
nent that does not require assembly or additional finishing
processes as do current multiple stage anti-cavitation cage
designs.

As discussed above for cage 100, cage 200 can also be
manufactured using Additive Manufacturing Technology,
such as direct metal laser sintering, full melt powder bed
fusion, laser powder bed fusion, etc., which allows cage 200
to be manufactured as a single, umtary piece, which reduces
the manufacturing lead time, complexity, and cost.

As shown in FIGS. 5-6, cage 200 generally includes a
solid, unitary circumiferential wall 202 forming a hollow
central bore 212, within which the valve plug 26 will slide
to control fluid tlow through cage 200. Wall 202 defines a
first end 204, an opposing second end 206, an mner surface
208, and an opposing outer surface 210. Pathways are
formed through wall 202 between the outer surtace 210 and
the inner surface 208 and include inlet passages 220A,
220B, annular cavities 230A, 230B, mntermediate passages
240A, 240B, recovery plenums 260A, 260B, and outlet
passages 250A, 250B.

Inlet passages 220A, 2208 are positioned adjacent inner
surface 208, extend radially into wall 202 from 1nner surface
208, and preferable have an end 222 adjacent inner surface
208 that 1s chamiered. In the example shown, 1nlet passages
220A, 2208 are cylindrical, but can be any shape desired for
a particular application. In addition, a first set of 1nlet
passages 220A can be radially and longitudinally offset from
a second set of 1nlet passages 2208, such that the first and
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second sets of inlet passages 220A, 220B each connect to
separate, oflset annular cavities 230A, 230B, as discussed 1n
more detail below.

Annular cavities 230A, 230B are spaced apart from 1nner
surface 208, outer surface 210, first end 204, and second end
206 of wall 202 and are connected to 1nlet passages 220A,
220B and respective intermediate passages 240A, 240B. A
first set of annular cavities 230A are offset from a second set
of annular cavities 230B such that adjacent annular cavities
230A, 230B are radially and longitudinally ofiset from each
other. Given the different positioning of the first set of
annular cavities 230A and the second set of annular cavities
230B, the first set of 1nlet passages 220A connected to the
first set of annular cavities 230A will have a longer length
than the second set of 1nlet passages 220B connected to the
second set of annular cavities 230B. Annular cavities 230A,
230B have a larger area than inlet passages 220A, 220B and
act as a recovery plenum to provide a first pressure drop as
fluid flows between inlet passages 220A, 2208 and outlet
passages 230A, 230B.

To assist 1n the formation of annular cavities 230A, 230B
using Additive Manufacturing Technology, annular cavities
230A, 230B also preferably have a cross-sectional shape
that has a corner 232 at the vertex (the highest point, apex,
or top) of each annular cavity 230A, 230B. In the particular
example shown, annular cavities 230A, 230B have cross-
sectional shapes that are diamond shaped and each has two
planar surfaces 234, 236 that meet at a corner 232 at the
vertex ol each annular cavity 230A, 230B.

Intermediate passages 240A, 240B are connected to annu-
lar cavities 230A, 2308 and are radially offset from corre-
sponding inlet passages 220A, 220B that are connected to
the same annular cavity 230A, 230B. In the example shown,
intermediate passages 240A, 240B are cylindrical, but can
be any shape desired for a particular application. In addition,
a first set of intermediate passages 240A can be radially and
longitudinally offset from a second set of intermediate
passages 2408, such that the first and second sets of inter-
mediate passages 240A, 240B each connect to separate,
oflset annular cavities 230A, 230B.

Outlet passages 250A, 250B are positioned adjacent outer
surface 210 and extend radially into wall 202 from outer
surface 210. In the example shown, outlet passages 250A,
250B are cylindrical, but can be any shape desired for a
particular application. In addition, like 1nlet passages 220A,
220B and intermediate passages 240A, 2408, a first set of
outlet passages 250A can be radially and longitudinally
oflset from a second set of outlet passages 250B, such that
the first and second sets of outlet passages 250A, 2508 each
communicate with separate, oflset annular cavities 230A,
230B. The flow of fluid from outlet passages 250A, 2508
out of cage 200 provides another pressure drop for the fluid
flow.

Recovery plenums 260A, 260B interconnect respective
intermediate passages 240A, 240B and outlet passages
250A, 250B and have a cross-sectional area that 1s larger
than the cross-sectional area of the intermediate passages
240A, 240B and outlet passages 250A, 250B to which they
are connected. The difference 1n cross-sectional area
between intermediate passages 240A, 240B and recovery
plenums 260A, 260B provide yet another pressure drop as
fluid flows between inlet passages 220A, 2208 and outlet
passages 250A, 250B. In addition, like inlet passages 220A,
220B and intermediate passages 240A, 2408, a first set of
recovery plenums 260A can be radially and longitudinally
oflset from a second set of recovery plenums 2608, such that
the first and second sets of recovery plenums 260A, 2608
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cach communicate with separate, oflset annular cavities
230A, 230B and interconnect respective mtermediate pas-
sages 240A, 240B and outlet passages 250A, 2508 (e.g.,
recovery plenums 260A interconnect imntermediate passages
240A and outlet passages 250A, while recovery plenums
260B 1nterconnect intermediate passages 2408 and outlet
passages 250B).

To assist 1n the formation of recovery plenums 260A,
260B using Additive Manufacturing Technology, recovery
plenums 260A, 2608 also preferably have a cross-sectional
shape that has a corner 262 at the vertex (the highest point,
apeXx, or top) of each recovery plenum 260A, 2606. As best
seen 1n FIG. 7, 1n the particular example shown, recovery
plenums 260A, 260B have cross-sectional shapes that are
diamond shaped and each has two planar surfaces 264, 266
that meet at a corner 262 at the vertex of each recovery
plenum 260A, 2606.

While various embodiments have been described above,
this disclosure 1s not intended to be limited thereto. Varia-
tions can be made to the disclosed embodiments that are still
within the scope of the appended claims.

What 1s claimed 1s:

1. A control valve, comprising:

a valve body having an inlet and an outlet;

a valve seat positioned 1n a passageway of the valve body
between the inlet and the outlet;

a valve plug positioned within the valve body and mov-
able between a closed position, in which the valve plug
sealingly engages the valve seat, and an open position,
in which the valve plug i1s spaced away from the valve
seat; and

a cage that 1s a single-piece, umtary, integrally formed
component disposed within the valve body adjacent the
valve seat and proximate the valve plug to provide
guidance for the valve plug, the cage comprising:

a solid, unitary, integrally formed, single-piece circum-
terential wall having an inner surface and an outer
surface;

a plurality of inlet passages adjacent the inner surface;

a continuous annular cavity spaced apart {from the inner
surface and the outer surface and connected to the
plurality of inlet passages;

a plurality of intermediate passages connected to the
annular cavity;

a plurality of outlet passages adjacent the outer surface;
and

a plurality of recovery plenums, each of the plurality of
recovery plenums interconnecting a single one of the
intermediate passages and a single one of the outlet
passages, wherein the plurality of recovery plenums
cach have a cross-sectional area that 1s larger than a
cross-sectional area of the mtermediate passages and
a cross-sectional area of the outlet passages.

2. The control valve of claim 1, wherein one end of each

of the plurality of inlet passages 1s chamfered.

3. The control valve of claim 1, comprising;:

a second plurality of inlet passages adjacent one of the
inner surface or the outer surface and longitudinally

offset from the plurality of inlet passages;

a second annular cavity spaced apart from the inner
surface and the outer surface and connected to the
second plurality of inlet passages, the second annular
cavity longitudinally and radially ofiset from the annu-
lar cavity;

a second plurality of intermediate passages connected to

the second annular cavity;
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a second plurality of outlet passages adjacent the other of
the 1inner surface or the outer surface and longitudinally
oflset from the plurality of outlet passages; and

a second plurality of recovery plenums interconnecting,
the second intermediate passages and the second outlet
passages, wherein the second plurality of recovery
plenums each have a cross-sectional area that 1s larger
than a cross-sectional area of the second intermediate
passages and a cross-sectional area of the second outlet
passages.

4. The control valve of claim 1, wherein the annular cavity

has a cross-sectional shape having a corner at a vertex.

5. The control valve of claim 1, wherein the plurality of
recovery plenums each have a cross-sectional shape having
a corner at a vertex.

6. A cage for a control valve, the cage comprising;

a solid, unitary, integrally formed, single-piece circum-
ferential wall having an inner surface and an outer
surface, the circumierential wall forming the cage as a
single, unitary component;

a plurality of inlet passages adjacent the inner surface;

a continuous annular cavity spaced apart from the inner
surface and the outer surface and connected to the
plurality of inlet passages;

a plurality of itermediate passages connected to the
annular cavity;

a plurality of outlet passages adjacent the outer surface;
and

a plurality of recovery plenums, each of the plurality of
recovery plenums interconnecting a single one of the
intermediate passages and a single one of the outlet
passages, wherein the plurality of recovery plenums
cach have a cross-sectional area that 1s larger than a
cross-sectional area of the intermediate passages and a
cross-sectional area of the outlet passages.

7. The cage of claim 6, wherein one end of each of the

plurality of inlet passages 1s chamiered.

8. The cage of claim 6, comprising:

a second plurality of inlet passages adjacent one of the
inner surface or the outer surface and longitudinally
offset from the plurality of inlet passages;

a second annular cavity spaced apart from the inner
surface and the outer surface and connected to the
second plurality of inlet passages, the second annular
cavity longitudinally and radially ofiset from the annu-
lar cavity;

a second plurality of intermediate passages connected to
the second annular cavity;

a second plurality of outlet passages adjacent the other of
the mner surface or the outer surface and longitudinally
oflset from the plurality of outlet passages; and

a second plurality of recovery plenums interconnecting,
the second intermediate passages and the second outlet
passages, wherein the second plurality of recovery
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plenums each have a cross-sectional area that 1s larger
than a cross-sectional area of the second intermediate
passages and a cross-sectional area of the second outlet
passages.
9. The cage of claim 6, wherein the annular cavity has a
cross-sectional shape having a corner at a vertex.
10. The cage of claim 6, wherein the plurality of recovery
plenums each have a cross-sectional shape having a corner
at a vertex.

11. A control valve, comprising:

a valve body having an inlet and an outlet;

a valve seat positioned 1n a passageway of the valve body
between the inlet and the outlet;

a valve plug positioned within the valve body and mov-
able between a closed position, in which the valve plug
sealingly engages the valve seat, and an open position,
in which the valve plug 1s spaced away from the valve
seat; and

a cage that 1s a single-piece, umitary, integrally formed
component disposed within the valve body adjacent the
valve seat and proximate the valve plug to provide
guidance for the valve plug, the cage comprising:

a solid, unitary, integrally formed, single-piece circum-
ferential wall having an inner surface and an outer
surface;

a plurality of inlet passages adjacent the inner surface;

a plurality of outlet passages adjacent the outer surface;

a continuous annular cavity spaced apart {from the inner
surface and the outer surface and connected to the
plurality of inlet passages; and

a plurality of means for providing a second pressure
drop between the plurality of inlet passages and the
plurality of outlet passages each of the plurality of
means for providing a second pressure drop con-
nected to a single one of the plurality of outlet
passages.

12. The control valve of claim 11, wherein the means for
providing a second pressure drop between the plurality of
inlet passage and the plurality of outlet passages comprises:
a plurality of recovery plenums, each recovery plenum
connected to one of the plurality of outlet passages; and a
plurality of intermediate passages iterconnecting the annu-
lar cavity and the plurality of recovery plenums;

wherein the plurality of recovery plenums each have a
cross-sectional area that 1s larger than a cross-sectional
area of the intermediate passages and a cross-sectional
area of the outlet passages.

13. The control valve of claim 12, wherein:

the annular cavity has a cross-sectional shape having a
corner at a vertex; and

the plurality of recovery plenums each have a cross-
sectional shape having a corner at a vertex.
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